Background: In human epidermal growth factor receptor 2 (HER2þ) breast cancers, neoadjuvant trials of chemotherapy plus anti-HER2 treatment consistently showed lower pathologic complete response (pCR) rates in hormone receptor (HR) positive versus negative tumors. The PerELISA study was aimed to evaluate the efficacy of a de-escalated, chemotherapy-free neoadjuvant regimen in HRþ/HER2þ breast cancer patients selected on the basis of Ki67 inhibition after 2-week letrozole.
Introduction
The human epidermal growth factor receptor 2 (HER2) is overexpressed in 15% to 20% of breast cancers and is generally associated with a highly aggressive behavior. However, HER2-positive cancers are heterogeneous, and the co-expression of hormone receptor has a significant impact on tumor behavior and response to therapy. Indeed, neoadjuvant trials of chemotherapy plus anti-HER2 treatment consistently showed lower pathologic complete response (pCR) rates in patients with hormone receptor-positive versus hormone receptor-negative tumors [1] . Difference in terms of pCR rate according to hormone receptor expression has been shown even in the context of studies of chemotherapy and dual HER2 blockade with trastuzumab plus either lapatinib or pertuzumab [2] [3] [4] [5] . Preclinical and clinical data suggest the existence of a complex cross talk between HER2 and hormone receptor signaling pathways, therefore, targeting both hormone receptors and EGFR signaling pathways represents an attractive therapeutic option for HER2-positive/hormone receptor positive breast cancer (BC) patients, with the aim of optimizing endocrine therapy and possibly overcoming the occurrence of resistance [6] . In this perspective, the efficacy of dual HER2 blockade allows to explore the possibility of reducing the burden of anticancer treatment. Neoadjuvant trials investigating dual HER2 blockade (6endocrine therapy) without chemotherapy were associated with a pCR rate of approximately 20% to 30%. [4, 7, 8] Therefore, the question whether chemotherapy can be avoided in selected patients with HER2-positive/hormone receptor-positive disease deserves further investigations.
In hormone receptor-positive disease, studies of preoperative endocrine treatment suggested that Ki67 decrease after shortterm treatment might be used to identify patients more likely to respond to preoperative hormonal therapy [9] . On these premises, we designed a neoadjuvant study to evaluate if a de-escalated chemotherapy-free treatment can be a valuable option in HER2-positive/hormone receptor-positive patients selected on the basis of Ki67 response after 2-week letrozole.
Methods
PerELISA is an investigator-driven, open label, phase II neoadjuvant study conducted at eight Italian Institutions. The trial was approved by local ethical Committees of the participating Institutions and was conducted in compliance with the principles of Good Clinical Practice and the Declaration of Helsinki.
Patients were eligible if they met the following criteria: previously untreated, histologically confirmed, infiltrating, HER2-positive [immunohistochemistry (IHC) 3þ or in situ hybridization amplification [10] ), hormone receptor-positive (estrogen receptor ! 10% and/or progesterone receptor ! 10%) BC. Other inclusion criteria were as follows: stage II-IIIA, age ! 18 years, postmenopausal status, cardiac ejection fraction within institutional normal range, normal organ and marrow function, availability of tumor tissue suitable for biological/molecular examination before starting treatment. Major exclusion criteria were stage IV disease, prior or concurrent cytotoxic therapy, uncontrolled hypertension or clinically significant cardiovascular disease, known infection with HIV, HBV, HCV. All patients provided written informed consent.
Procedures
After diagnostic core biopsy including baseline Ki67 evaluation, confirmation of eligibility and informed consent signature, the patients started letrozole 2.5 mg p.o. daily for 2 weeks followed by a core-biopsy for Ki67 evaluation. Ki67 was evaluated by IHC on formalin-fixed paraffinembedded (FFPE) tissue sections from diagnostic core biopsy and after 2-week letrozole at local laboratories of participating institutions. Assignment to molecular response cohort was based on local assessment. Patients defined as molecular responders (Ki67 relative reduction >20% from baseline) received the combination of letrozole, trastuzumab and pertuzumab, according to the following schedule: letrozole 2.5 mg p.o. daily, trastuzumab 8 mg/kg i.v. loading dose in the first cycle, then 6 mg/ kg every 3 weeks, pertuzumab 840 mg i.v. loading dose in the first cycle, then 420 mg i.v. every 3 weeks. Trastuzumab and pertuzumab were administered for five courses, letrozole was continued until surgery.
Patients defined as molecular non-responders discontinued letrozole and received weekly paclitaxel 80 mg/sqm for 13 weeks, combined with pertuzumab and trastuzumab (same dose and schedule as molecular responding cohort) (supplementary Figure S1 , available at Annals of Oncology online).
Criteria for dose modifications, physical and instrumental examinations (including left ventricular ejection fraction and radiologic tumor assessment) are detailed in the protocol (supplementary Material S2, available at Annals of Oncology online).
Surgery was performed within 3 weeks from last dose of i.v. treatment. Treatment after surgery included radiotherapy per local standards, endocrine treatment for at least 5 years, trastuzumab up to 1 year. Postoperative chemotherapy was at discretion of treating physician. The majority of patients with residual disease were offered chemotherapy plus trastuzumab up to 1 year.
End points
Primary end point of the study was pCR rate in the molecular responder cohort, defined as complete absence of infiltrating tumor cells in the breast and in axillary lymph nodes. Residual in situ disease only was included in the pCR definition.
Secondary end points were as follows: clinical response rate in the breast (comparing before and after treatment, as assessed by ultrasound examination, according to RECIST criteria), breast conservative surgery rate (conservative procedures, and conversion from mastectomy to conservative surgery), and safety [incidence and severity of adverse events; graded using National Cancer Institute Common Toxicity Criteria for Adverse Events (NCI CTCAE) v. 4.0].
Correlative science analyses
FFPE tumor blocks from core biopsies (diagnostic and after 2-week letrozole) and from surgical specimens were centralized and reviewed by BCdedicated pathologists for quality and tumor content. Fresh-frozen samples from diagnostic core biopsies were centralized for genomic studies. Residual cancer burden (RCB) was calculated in molecular responders patients not achieving pCR [11] .
Intrinsic subtype [according to 50-gene prediction analysis of microarray (PAM50)], tumor infiltrating lymphocytes (TILs) and PIK3CA mutational status were assessed as detailed in supplementary Material S3, available at Annals of Oncology online.
Statistics
Sample size was estimated using Simon's two-stage design, on the basis of H0: 0.10; H1: 0.25. Setting a ¼ 0.05 and b ¼ 0.20, a total of 43 patients were required. If at least eight pCRs were observed, further investigation of the combination of letrozole, trastuzumab and pertuzumab was warranted. Assuming 70% of molecular responding patients, a total of 68 subjects had to be included to ensure 43 patients in the letrozole plus trastuzumab and pertuzumab cohort, with 10% drop off rate. Patients not achieving a molecular response were evaluated as internal control for all study end points. No comparison between the two cohorts was foreseen. Association of variables with molecular response and pCR was studied using the chi-square test or the Mann-Whitney U non-parametric test for categorical or continuous variables, respectively. Individual changes in TILs were assessed by Wilcoxon paired rank sum test.
Results
From January 2014 to July 2017, 64 patients were enrolled and 61 were evaluable for molecular response after 2 weeks of letrozole (supplementary Figure S4 , available at Annals of Oncology online). Forty-four patients were classified as molecular responders (72%), and 17 patients as molecular non-responders (28%). Mean absolute change of Ki67 after 2-week letrozole was À13.6% (SD 6 17.6) overall, À20.5% (SD 6 13.3) in molecular responders, and þ4.2% (SD 6 15.0) in molecular non-responders.
Patients and tumor characteristics at baseline, overall and according to molecular response are detailed in Table 1 . The majority of the patients had stage IIA disease, ductal histology, and grade 3 tumors (Elston and Ellis classification). A higher baseline estrogen and progesterone receptors expression was significantly associated with molecular response.
Surgery and responses
All 44 molecular responders completed assigned treatment and underwent surgery. Nine out of 44 patients achieved pCR in breast and axillary nodes [20.5%, 95% confidence interval (CI) 11.1% to 34.5%]. Clinical response rate in breast was 74%. Rates of breast conserving surgery and of conversion from mastectomy to breast conservative surgery were 65.9% and 54.5%, respectively. For patients not achieving pCR, median Ki67 assessed on surgical specimen was 8% (range 1% to 80%). RCB was evaluable for 34 out of 35 molecular responder patients with residual disease: RCB-I, N ¼ 11 (32%); RCB-II N ¼ 21 (62%); RCB-III, N ¼ 2 (6%). Overall, 20 of the 44 molecular responder patients (45.5%) achieved pCR or RCB-I.
Among 17 molecular non-responders, one patient prematurely discontinued treatment due to a cardiac adverse event. Sixteen patients underwent surgery, and 13 patients achieved pCR (81%, 95% CI 57.0% to 93.4%). Clinical response rate in the breast was 94%. Rates of breast conserving surgery and of conversion from mastectomy to breast conservative surgery were 63% and 57%, respectively.
Safety
No grade 4 toxicity was reported. The most frequently reported AEs in the molecular responder cohort were fatigue and fever. The most frequently reported AEs in the molecular nonresponder cohort were neuropathy, skin reactions, neutropenia and diarrhea. Incidence of grade !2 AEs is reported in Table 2 .
Correlative science studies PAM50 subtype distribution is reported in Figure 1A . Intrinsic subtype was significantly associated with ki67 reduction after 2-week letrozole, being molecular responders 92% among luminal A þ B versus 44% among HER2-enrichedþBasal-like (P < 0.001). Among molecular responders, pCR rate was significantly higher in HER2-enriched tumors than in other subtypes (45.5% versus 13.8%; P ¼ 0.042). Among molecular non-responders, pCR rate was numerically higher in HER2-enriched tumors than in other subtypes (83.3% versus 66.7%; P ¼ 0.527).
All 61 cases were evaluable for TILs at baseline (median 10%; range 0% to 100%; Figure 1B ). There was no significant correlation between baseline TILs and molecular response, nor with pCR rate according to molecular response. Median TILs after 2-week letrozole was 10% (range 0% to 85%), with no difference between molecular responders and non-responders. supplementary Table S5 , available at Annals of Oncology online summarizes correlation between TILs at different time points with molecular response and pCR. Individual TILs changes are depicted in supplementary Figure S6 , available at Annals of Oncology online. Mutations in the PIK3CA gene were detected in 23.7% (N ¼ 14) of the 59 genotyped patients ( Figure 1C ). Among molecular responders, pCRs were numerically higher in PIK3CA wild-type tumors (24.2% versus 10% in PIK3CA mutant, P ¼ 0.332). No difference in pCR rate was observed in molecular non-responders according to PIK3CA mutational status (supplementary Table S5 , available at Annals of Oncology online).
Discussion
Preoperative therapy represents the ideal model to study more personalized treatment strategies. Indeed, patients with different treatment sensitivities can be identified on the basis of clinical, molecular or pathologic response. The PerELISA study was designed to evaluate if a Ki67 inhibition after 2-week letrozole allows to identify HER2-positive/hormone receptor-positive patients eligible for a chemotherapy-free regimen with dual anti-HER2 blockade. Ki67 inhibition is a validated marker of endocrine sensitivity in hormone receptor-positive disease, while its value in HER2-positive disease is less clear. In our study, we applied the arbitrary cutoff of more than 20% Ki67 relative reduction from baseline to define molecular response, with the intent to capture an early signal of endocrine treatment effect on tumor proliferation, and, more importantly, to exclude those cases with paradoxical Ki67 increases, which are described even in the context of pure Luminal A tumors [12] . Indeed, with this cutoff we observed 70% of molecular responders, while in the cohort of molecular non responders, the mean absolute change of Ki67 was a 4% increase from baseline values. The probability of achieving a molecular response was associated with a higher hormone receptor expression at baseline. In large adjuvant trials, mainly including HER2-negative patients, higher expression for estrogen and progesterone receptor correlates with better prognosis and is also predictive of benefit from endocrine therapy [13] . In order to enrich the study population for endocrine sensitive tumors and to limit the risk of progression during the 2 weeks of letrozole treatment, a higher cutoff of 10% expression was used as inclusion criteria. Indeed, our data suggest that, also in HER2-positive BC, the degree of hormone receptor expression might directly correlate with endocrine sensitivity and supports the evaluation of higher hormone receptor expression cutoffs in de-escalation trials in HER2þ BC.
Ki67 modulation after 2-week letrozole allowed to identify patients with a 20% pCR rate following letrozole-pertuzumabtrastuzumab and patients with more than 80% pCR rate with 13 weeks of paclitaxel combined with trastuzumab and pertuzumab. Overall, these results favorably compare with the pCR rates observed with chemotherapy plus anti-HER2 treatment in hormone receptor-positive disease, also in view of the good safety profile reported in both treatment cohorts. Indeed, in the NeoSphere trial the pCR rate in this subgroup was 26% after four courses of docetaxel-trastuzumab-pertuzumab [4] .
In the TRYPHAENA trial, hormone receptor-positive tumors had a pCR rate below 50% after six courses of sequential anthracycline-taxanes or carboplatin-docetaxel, plus trastuzumab and pertuzumab [14] . In the KRISTINE trial, which included 17% of locally advanced patients, pCR rate in the hormone receptor positive subgroup was 38% after six courses of T-DM1 plus pertuzumab and 46% after six courses of Docetaxel, carboplatin, trastuzumab and pertuzumab [15] .
In the ADAPT trial, only enrolling patients with HER2-positive/hormone receptor-positive BC, 41% of the patients achieved a pCR with T-DM1 administered for four courses. The addition of hormonal therapy did not increase the rate of pCR. Interestingly, trastuzumab plus hormonal therapy for 12 weeks resulted in 15% pCR rate. However, almost half of the patients enrolled in the ADAPT trial had clinical stage I [16] . These patients were not eligible in the PerELISA study, where patient population consisted of almost 70% of patients with stage IIA, and 30% had stages IIB-III. In the PerELISA trial, correlative science studies get further insight in the molecular heterogeneity of HER2-positive/hormone receptor-positive BC.
PAM50 intrinsic subtype further refines the possibility of selecting patients with hormone receptor-positive/HER2-positive more likely to benefit from hormonal therapy plus dual anti-HER2 therapy. In the PAMELA trial, investigating the role of lapatinib and trastuzumab without chemotherapy, the pCR rate (breast only) in the cohort of hormone receptor-positive/HER2- enriched after endocrine therapy plus dual HER2 blockade was 32% [7] . In the PerELISA study, HER2-enriched patients with a molecular response achieved a notably 45% pCR rate, suggesting that the combined use of intrinsic subtype and Ki67 inhibition might further improve a more personalized treatment.
We have previously reported that the presence of PIK3CA mutation predicts for a reduced pCR rate after chemotherapy plus trastuzumab and lapatinib [17, 18] . A worse pCR rate in case of PIK3CA mutation was reported with pertuzumab plus trastuzumab, irrespectively from ER status [19] . In our study, we observed a numerically higher pCR rate for PIK3CA wild-type patients in molecular responders only.
Our observations are promising but limited by small sample size and by the absence of controls. Another limitation of the trial is the use of local Ki67 testing to define molecular response, especially in the context of the open debate regarding Ki67 reproducibility. However, Ki67 change, and not a predefined cutoff, was used and the same laboratory evaluated both samples, thus limiting interlaboratory reproducibility issues.
Ki67 response after short-term endocrine treatment is currently been used to allocate patients to treatment in several neoadjuvant hormone receptor-positive BC trials. This is the first trial testing this strategy in the context of HER2-positive BC. We observed a clear correlation between Ki67 change, hormone receptor expression and PAM50-subtyping, thus supporting its ability to distinguish tumors with different biology, which might be used in future trials.
In conclusion, the primary end point of the study was met, by reaching the pre-specified numbers of pCRs. A Ki67 reduction after short term letrozole exposure allows to identify patients achieving a meaningful pCR rate without chemotherapy. PAM50 intrinsic subtyping further refines our ability to identify a subset of patients for whom chemotherapy might be spared. Indeed, patients with less than pCR can receive standard adjuvant chemotherapy after surgery. Last, but not least, patients without a molecular response in our study achieved a remarkable 81% pCR rate with 13 weeks of paclitaxel plus dual HER2 blockade. Although observed in a limited number of patients, this pCR rate is one of the highest ever reported, suggesting that lack of ki67 inhibition after 2-week letrozole can help identify patients benefiting particularly from the use of chemotherapy in addition to anti-HER2 treatment. Based on these data, we believe that this approach warrants further investigations in larger series.
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